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(54) Blow moulded bcytUe and use thereof 

(57) A method of t)low moulding a retumable/refilla- 
t3le container in the form of a polyester biaxially oriented 
bottle having a physical and structural relationship pro- 
viding for the maintenance of aesthetic and functional 
viability over a minimum of five trips wherein each trip 
comprises (1) an empty state caustic wash followed by 

(2) contaminant inspection and product filling/capping, 

(3) warehouse storage. (4) distrSxition to wholesale and 
retail locatk}ns, and (5) purchase, use and empty stor- 
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age t>y the consumer followed by retum to a kx>tt]er. The 
container is obtained utilizing a specific preform config- 
uration and reheat blow process wherein the sidewall of 
the resultant container has a percent crystaOinity of 24- 
30 at a total preform draw ratio of 7-9^. The oontainer 
is formed utilizing recently developed process tech- 
niques to optimize strain induced sidewall crystalliza- 
tion. 
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Description 



This invention relates to a blow moulded bottle and to its use as a returnable refOlat>le bottle 

An economically and oommefctaay viable, rdillable plastic bottle would reduce the existing landfill and recycle 
5 problems ^sedated with disposable plastic beverage bottles and mae particulary with plastic beverage-bottles formed 
of PET. In ^kfition. a refiilable bottle would pemfiit the entry of the safer, Dghter weight pkasfic containers into those mar- 
kets, currently dominated tTy glass, where legislation prohibits use of non-returnable packages. 

Technically, a refSlable plastic bottle nust remain aesthetically and functionally viable over a nrinimum of five and 
preferably over ten trips or locps to be considered economically feasibia A loop is comprised of (1) an onpty caustic 
10 wash followed by (2) contaminant inspectton and product filling/capping, (3) warehouse storage, (4) distributton to 
wholesale and retad locations and (5) purchase, use arxl empty storage by the consumer foOowed t>y eventual return to 
the bottler. To achieve viatM'Gty, the plastic container shouU maintain a fill level volume variation of one and one half per- 
cent or less and resist breakage due to impact txirst and/or environmental stress crack failure over its useful lifa 

The ideal plastic rdillaUe container nrust be dear and transparent to permit visual contaminant inspection prior to 
75 filling. In additioa the container should be of a one piece constructk>n with an integal blow molded base member to 
eliminate visual inspectkxi and other problems associated with two piece containers (l a. two piece being defined as a 
blow molded body with a hemispherical dosed end typically attached to an injection moMed base cup where the base 
cup provides vertical stability). 

At this point it is to be understood that several polymer candidates provide the clarity and physkal properties 
20 deemed necessary to produce refiilable plasty bottles and Gke containers. These polymers indude polyettiylene 
terephthalate (PET), acrylonitrile. polyarylate. polycarbonate, etc. Of the pdymers commercially available. PET offers 
the best balance of properites and cost/jperformance ratbs. 

Non-retumaUe PET bever^e containers are commerdaDy produced for the most part by way of a two step proc- 
ess which involves the injection andJor eOsusbn molding of a preform fblkswed by reheating of the preform, equilibration 



2S and stretch bk3w moMing to the desired container geometry. Applk;ation of known beverage bottle technotogy for return- 
able PET containers does not yield acceptat)le performance results. In particular, containers produced by way of con- 
ventional prefonm and bottle design and process conversk>n techniques typically fail versus refillat)le performance 
specifications aiteria after two to three trips or kx)ps. 

It is an aim of this invention to provide a blow nxxiMed refiilable thermoplastk; PET bottle or container having a thin- ^ 
30 walled body whk^h retains it aesthetk: and functnnal perfomiance over at least five to ten and parttoular at least twenty, 
complete r^n trips or loops. 

The present invention according provides a transparent stretch blow moulded polyester bottle having a relatively 
thin biaxially oriented sidewall and a relatively thick less orientated champagne-type base, the base being continuously 
reinfbrced in thickness so that the bottle has stress crack resistance when subjected to twenty cydes of alternate pres- 
3S surization at 4.05 x 10^ Hm'^ (4.0 atmospheres) and caustk; washing at 60^C. and wherein the maximum volume devi- 
ation over the twenty cydes is ±1 .5%. 

The present invention also provkies the use of the bottle of the invention as a retumaUe. refillakDie container. 
The present invention further provkJes a returnable refiilable polyester biaxially oriented transparent container for 
carbonated Ik^ki which has been bksw moukJed from a preform, the container comprising a neck finish, a shouUer. a 
40 body portion and a champagne-type base induding a peripheral contact radius and an unoriented recessed central por- 
tion, the diampagne-type base being thkksr than a ski ewall in the IxxJy portion and having tew orientation. 

The present invention further provides a returnable refaiable transparent container for cartxxmted liqukl which has 
been btew moukJed from a pdyethylene terephtiialate pr^orm. ttie container having a neckfinish. a shouMer. a biaxially 
oriented skJewall and a rigM tew orientation champa^pie type base which is of increased ttitekness relative to \h& skJe- 
45 waD. ttie sMewall having a thidviess of around 7 to 9 times less than the thtekness of a skJewall-forming portion of the 
prdomfi. a crystallisation of up to 20% and the polyethylene terephttialate having an intrinste viscosity of from 0.72 to 
0.84. 

The present invention further provkies a retumak>le refiilable transparent biaxially oriented container for cartx>nated 
Ikfukl whteh has been btow moulded from a preform of pdyethylene terephtiialate having an intrinsic viscosity of from 

so 0.72 to 0.84, tiie container having an unoriented neck finish, a biaxially oriented shoulder, ttie biaxial orientation in tiie 
shouUer extending to wittiin about 6.35 mm (0.250 inch) of ttie unoriented neckfinish. a biaxially oriented skJewall hav- 
ing a ttitekness around 7 to 9 times lessttianthepreformbody wall ttiickness and a crystallisation of up to 30%. and a 
continuously reinforced low orientation bottom wall having a greater thtekness than the skjewall. the container having a 
maximum vdume deviation of ± 1 .5% when subjected to twenty cydes of alternate pressurisation at 4.05 x 1 0^ ± 0.203 

55 X 1 0^ Nm'^ (4.0 ± 0.2 atmospheres) and caustic washing at 60°C. 

The present invention furttier provkies the use of a returnable refiilable container, of a transparent container for car- 
bonated Ikfukj comprising a blow mouMed bottte of polyettiylene terephttialate having a neckfinish, a shoulder, an elon- 
gated body having a biaxially oriented skle wall and an integral base having a chime area and a central portion wherein 
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for inaeasing the stress crack resistance of the botde, the base is continuously reinforced bjf thickening the chime area 
and the central portion. 

The present invention yet further provides the use of the containers of the invention as a retumat)le, refaiat)le con- 
tainer. 

5 Entxxriments of the present invention wiD now t>e descrit>ed by my of exanple only with reference to the accom- 
panying drawings^ in which:- 

Rgure 1 is a schematic showing the typical cyde of loop through which a refillable container must pass. 
Figure 2 is a vertical sectional view taken through a preform of a special configuration wherein ttie desired bottie 
10 structural cfiaracteristics may b& obtained. 

Figure 3 is a fragmentary transverse sectional view taken generally along ttie line 3-3 of Rgure 2 and shows ttie 
general cross section of the preform. 

Figure 4 is a transverse horizontal sectional view taken generally along the line A-4 of Rgure 2 and shews the cross 
section of the preform in a lower thickened wail portion. 
IS Figure 5 is a vertical sectional view taken ttirough a typical ref Dlable bottie fbrnied in accordance witti ttiis invention. 
Figure 6 is an enlarged fragmentary sectional view showing specificaOy a desired lower body and base configura- 
tion. 

It is has been found ttiat failure (via aack initiation and propagation) of btaxially oriented blow moulded PET botties 
20 and like containers exposed to caustic wash t>aths occurs primarily in the base are and most particular in the central 
part of the base area which has littie or no orierrtation. FurtherrrxHe, in recent years there has t>een developed a method 
of increasing ttie structural integrity of the bottom structure of a blow moulded plastic material container as is disdosedp 
for ©tanple. in U.S. Patent No. 4,334.627 granted June 1 5. 1 982. In accordance witti ttiis patent, ttie preforms are pro- 
vided in ttie lower portion ttiereof, i.e. that portion which becomes ttie container base, witti fongitudinal ribs. 
25 In adcfition. It is has been found in recent years ttiat ttie intrinsic viscosity of PET homopolymers is an inrf)ortant 
factor relative to reducing aack initiation and propagation problems. 

Witti ttie foregoing as starting points, preforms of ttie types discfosed in U.S. Patent No. 4,334,627 were produced 
t>y conventional moulding techniques using PET homopolymers having intrinsic viscosities of 0.72. 0.84 and 1.06. 
respectively, as measured by ASTM D 2857 standards. More particularly, ttie preforms witti a moUed ttireaded neck 
30 finish, were circular in cross section, six inches in lengtti below ttie neck finish and having an outside diameter of 28.58 
mm (1 .125 inch) at ttie mid body witti a wall thickness on ttie order of 4.57±0.508mm (0.180 ± 0.020 inch). TWs preform 
was utilized to form one liter bottles having a height below the neck finish of 254 mm (10.0 inches), and a maximum 
diameter of 76.2 mm (3.0 inches) with a "champagne" push-up base. 

Conventional process conditions were utilized, these conditions including: 

35 





Preform reheat time 


75 seconds 




Blow time 


2.5 seconds 


40 


Total mold cyde time 


6.5 seconds 




Mold tenperature 


60°C (140«F) 



4S Pr^onm reheat temperatures were adjusted to yield a wall tNckness in the container body of 0.508 ± 0. 1 27 mm (20 
± 5 mi!) witti a mimimum preform tenrperature necessary to produce dear containers. Average preform tenperatures, 
as measured in an isoparabolic drop calorimeter, were 85"C (185°F). 89"C (192*F) and 98*C (208°F) respectively for 
the 0.72, 0.84 and 1 .06 intrinsic viscosity polymers. 

Containers fomried in accordance witti ttie above program were subjected to ttie following simulated life cyde: 

so Rrst of all, each container was subjected to a typical commercial caustic wash solution which was prepared witti 
3.5% sodium hydroxide by weight witti tap water. The wash solution was maintained at 60**C (140°F) and the botties 
were submerged uncapped in the wash for 1 5 minutes to simulate the time/temperature conditions of a commerdal bot- 
tie wash system. 

After removal from the wash solution, ttie bottles were rinsed in tap water and ttien filled witti a cartx>nated water 
ss solution at 4.05 x 10^ ± 0.203 x 10^ Nm"^ (4.0 ± 0.2 atmospheres), capped and placed in a 38*'C (lOO^F) convectfon 
oven at 50%,(Relative Humidity) RH for 24 hours. However, the fill pressure may be as high as 5 volumes (i.e. 5 atirios- 
pheres pressure in the bottle, that is 5.06 x 10^ Nm'^. This elevated oven temperature was selected to simulate longer 
commerdal storage periods at lower ambient terrperatures. Upon removal from the oven, the containers were emptied 
and again subjected to the same washAill cyde until failure. 
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In adtfition, control bottles from the 0.84 intrinscviscosHynjn were (1) exposed to twenty consecutive washed 
forfrfteen minutes each with pressure exposure between cycles arxl (2) others were exposed to twenty consecutive 
pressure fiD and ele^ed temperalure storage cydes with qq caustic wash exposure between cydes. Results of such 
tests are tabulated below: 

5 



IV 


Cydes to 
Initial Failure 


10Cyde% 
Vblume Chartge 


Average Rnal Perpendicutanty 
(TIR)-(Total Indicator Runout) 


0.72 


3 


-10.5 


4.62mm (0.182 inch) 


0.84 


6 


-6.9 


3.53mm (0.139 inch) 


1.06 


7 


-7.6 


3.05mm (0.120 inch) 


0.84 (W^sh Only) 


N/A 


-16.8 


0.508mm (0.020 inch) 


0.84 (Pressure Only) 


N/A 


+ 8.9 


3.43mm (0.135 inch) 



A failure was defined as any crack propagating through the PET bottle wall which resulted in leakage and pressure 
20 loss. No cracks were seen in the 0.84 intrinsk: viscosity bottles that were exposed onty 

cyding. Bottles in each run exposed to a complete wash^essure cyding failed in seven cydes or less. 

Given the above, it was oonduded that the caustic solution acts as a stress crack agent if, and only iff. residual 
stresses were present in the PET botUes due to geometrical strains imparted to the polyester during the pressurizatkxi 
cydes. 

25 All cracks initiated on the interior suriace of the bottle and propagated through to the exterior wall. S^eral crack 
initiation mechanisms were noted: (1) radial cracks initiating at the base contact radus and propagating around the 
base; (2) racfial cracks initiating on the interior surface of the structural reinlbrdng rbs and propagating around the base, 
and (3) axial cracte initialing opposite the preform irijection gate and propagating axially through the txyttle basa All fail- 
ures occurred In the unoriented base area of the t)ottle (biaxial orientation as occurs in the bottle sidewalls significantly 

30 inprovescrad(resls1ance). Axial crad(initiatk)n but net propagation was e^ 
(from the unoriented to the oriented PET bottle sidewall). 

It is to be understood that there is a certain degree off aeep (i.e. non-elastic volume expansion over time) which 
occurs in PET botUes under internal pressure. Notwithstancfing this, overall volume shrinkage due to 60°C (I^O'^F) 
washing exceeded the filled 38°C (100**F) creep level and objectionable distortion In the shoulder transition area 

35 between the bottie body and the neck finish was evident on all bottfes exposed to the elevated temperature caustk; 
washing; as was the gradual "chalking" of the outside surface off the botties. This chalking or whitening was most pro- 
nounced in the k)w orientation transition area between amorphous non-oriented and semi-crystalline oriented. From the 
foregoing, it can be conduded ttiat bottles produced using presently commercially acceptable conventional non-return- 
able PET beverage bottle technology are unacceptable for multiple trip usage The principal problems include 60''G 

40 (140<*F) shrinkage in excess of the aeep whk:h occura during the filled portion of a simulated commerdal cyde and 
stress crack failures during the wash portion of the cyda 

At this tinf>e it is pointed out that the maximum permissible volume deviation is ±1 .5% and crack failures of any type 
are unacceptat)le. 

After much wori(, it was found ttiat the crack problem could be greatiy reduced by in lieu of providing a rib reinforced 
45 base, ttie reinfordng for the base be continuous. Aocording^y, as is shown in Figure 2, ttiere has been provided a pre- 
form 10. TTie prefonm 10 has at its open upper end a moMed ttireaded neck finish 12 and below ttte neck finish 12 ttie 
prefomi 10 is off a tapered increasing thickness in ttie area 14. The primary portion of the lengtti of ttie preform 10 is in 
the form off a body portion 1 6 which is generally off a constant tiik^kness and is annular in cross section as is shown in 
Rgure 3. Most particulariy, a base portion 20 is provkJed witti a thickened wall portion 22 (which persons skilled in ttie 
so art may refer to as a flute or flute portton 22) whfoh provkJes for a ttiktening of ttie base portion over ttiat of the body 
portion 1 6. While the wall thicknesses of the body portion and ttie base portion may be varied, ttie body to base portion 
wall ttik^kness ratio will remain constant The thktened wall portion 22 extends down into ttie bottom 24 of the preform 
10. 

A change was also made in ttie resultant bottle 30 which is provkled witti a base which has a contact diameter 
ss radius 32. As is best shown in Figure 6. ttie radius 32 was increased from 2.54mm (0. 1 00 inch) to 3.81 mm (0. 1 50 inch). 
However, ttie base contact dianieter radus may be as great as 7.62mm (0.300 inch) and the inskle base Uend radius 
may be on ttie order of 0.762mm (0.030 inch) to 1.27mm (0.050 inch). 
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Preforms with the flute as opposed to the ite were praluced 
form a bottle such as. but different from the bottle 30 of Figure 5, but with the inaease in the critical contact (fiameter 
radius 32. 

These bottles were subjected to consecutive wash/)^essure cycles of the type disclosed above, isio crack of the 
5 radial type described above occurred after ten cycles. Cracks of the axial type did initiate in the base 34 and shoulder 
36 regions of the bottles after fifteen cycles, but no propagation failures were seen. On the other hand, total volume 
shrinkage approached 7.0%. Visible distortion was evident in the shoulder orientation-transition area and the bottles 
exhibited visible whitening due to caustic salt deposition. 

This success led to the conclusion that commercially viable, ref fliable PET containers would be feasible if the con- 
10 tainer stnicture minimized geometry induced stress buiU-ip during pressurization periods and if the shrinkage/distor- 
tion problem at GO'^C (140°F)oouU be reduced to a level below ±1.5% volume change over 5 to 10 loops and as high 
as 20 loops. 

At this time there has been developed technok)gy which increases the thermal stability of PET containers through 
the applicatton of product oonliguratton and process control features to increase the percent crystailinity of the PET 
IS morphok)gy in the btow molded containers. 

Density as measured ASTM test method #1505 is a useful measureof crystailinity as per: 

Percent crystailinity = X 100 

20 

Where: ds = sample density in gem? 

da = 1.333 gcm^ (amorphous) 
dc = 1 .455 gcm^ (100% crystalline) 

2S 

Increasing the percent crystailinity in the container side wall reduces polymer molecular mobility and thus container 
shrinkage at a given temperature. 

Typical prior art techniques to raise PET bottle sidewall crystailinity involve heat setting by blowing the container 
into a moM maintained at 149-204^'C (300'400''F) and subsequent internal cooling. 
30 The recently devetoped technotogy utilizes container design and process control techniques rather than typk»l 
heat set techniques to produce containers with a 24-30% crystailinity level and irrprcved thermal stabOity (te. resist- 
ance to shrinkage at elevated temperatures) vs. ttiat of containers produced k>y conventional non-retumable PET tx)ttle 
technology. 

In accordance with the aforementioned recently developed technok)gy. the preform may be reheated on a conven- 
es tk>nal stretch blow moUing macNne equipped with a quartz IR reheat oven wherein the prefomn is heated to a tenrper- 
ature just prior to stretch btowing on the order of WTC (225"F) to 1 18*C (245"F). 

This newty developed technology was utilized in conjunction with a preform configurated to yiekJ an initial wall thick- 
ness of 4.57 ± 0.508mm (0. 1 80 ± 0.020 inch) and a final bottle wall thickness of 0.508 ± 0.1 27mm (0.020 ± 0.005 inch) 
with a total preform draw ratk> of eight to one. This preform had a weight off 100 grams and a length below the neck 
40 finish of 158.75mm (6.250 inches) and a mid body diameter of 31 .75mm (1 .250 Inches). 

Further, the length of the tapered portion 14 of the preform was greatty increased which pemnHs orientation of the 
shouMer area 36 to within 0.635mm (0.250 inch) of the finish area, and as ck>se as 2.54mm (0.100 inch), for a generic 
1 .5 liter bottle conf iguratx>n as is shown in Figure 5. 

Prefbmns were injectfon moMed of 0.84 intrinsic viscosity PET homopolymer. The increased prefbnn wall thickness 
4S over that of the prevkxis preforms resulted in partial molecular recrystallization in the injection cavity As such, the 
deaease in transparency (i.e. haze) in these preforms was measurably higher than in the originally discussed prefomns 
as measured by ASTM D-1003 standards. 

These prefbnns were heated to a temperature of 1 1 8^C (245*^^ (the maximum achievable prior to the onset of sur- 
face crystallizatk)n). In additk>n, the blow moU temperature was increased to 82^C (180^F) to pemnit bottle annealing 
so prior to removal from the blow moM. The finished bottles were subjected to twenty simulated wash/pressure trips. No 
radial stress crack failures were evident even after twenty cycles or loops. Several containers contained minor axial 
base cracks that initiated at the preform injection gate but M not propagate through tfte waD to permit pressure loss. 
Rnal volume change was -0.65% whk^h is well within the ± 1 .5% fill level specification. On the other hand, final perpen- 
dicularity CTIR) averaged 5.72mm (0525 inch)vs. a target of 4.57mm (0.180 inch). Burst pressure exceeded 1.24 x 
55 10^Nm"2 (180 psO. However. 40% of the containers tested for 1 .83m (6*). H2O filled, ambient 90" impact, failed- How- 
ever, it is apparent from the test that bottles Ibrmed in accordance with this invention may readily conplete 5 to 1 0 k>ops 
even with the thinner wall tfiickness. 

Pressurized perpendicularity problems with one piece containers are typically associated with variations in wall 
thickness around the base contact or chime radius. Pressurized PET will creep ever time particularly at elevated tem- 
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peratures. Unoriented PET. as per the base area 34 of the container in Figure 5 will creep more 
ented PET. tn addition, the extent of aeep wfll increase with decreasing wall thickness. 

To mining the radial wall thickness variatioa the injection gate must be accurately centered within the t)low t>ase. 
To accomplish perfect centering, the previously provided preform was modified to have a prpjectbn 26 on the inside 
5 ctosed end of the preform for engaging a recess in a tip Gl a stretch blow centering^ 

is customary. The centering rod in tum guides the preform accurately to the center of the blow base during the inflatton 
process. 

Drop impact failures in one piece champagne base configuration containers usually occur in the urtoriented, amor- 
phous area of the base due to the reduced strength of this area vs the oriented sidewaDs. Crack failures usually initiate. 
10 in the chime area (radius 32) at the point of imp^ and propagate through the unoriented wall thickness. To minimize 
impact failure, the preform was mocfified so as to reduce the length of the thkdcened wall portion 22 thereby rechicing 
the unoriented wall thickness in the base chime area (radus 32). 

Finally, to reduce the incident of axial aack initiation during caustic wash cycling, the preform was modified to 
increase the wall thickness in the area of the injection gate. i.e. at the base of the preform generally identified by the 
IS numeral 24. It will be seen that this base portion is generally flat as opposed to the customary generally unitonned cross 
section. 

Bottles were formed with this modified pr^m construction which is most specifically illustrated in Rgure 2 to form 
bottles of the configuration as is generally shown in Rgure 5 but witti the base chime area 40 t>eing of the configuration 
shown in Figure 6 and with the radius 32 being 3.81mm (0.150 inch), although this radius may be increased to be as 
20 high as 7.62nrvn (0.300 inch). These so formed bottles manufactured with the preform temperature and bfowmokJ tem- 
perature and timing as discussed above were sut>jected to twenty consecutive caustic wash/jxessure fill cycles. No 
axial or racfial crack initiation was evident. All containers were within the ±1 .5% volume specification even after twenty 
cydes. 

Perpendk:ularity (TIR) averaged 2.16mm (0.085 inches) with no individual bottle being above 3.81mm (0.150 inch). 
25 Caustic salt build-up on the containers resulted in some surface whitening. However, the residue was easily removed 
ty manual scrubbing. 

At this time, it is pointed out that the resultant containers can t»e further improved t>y additional known commercial 
processes. For example, a commercially availat)le polymer coating may t>e applied to the ref illable container to minimize 
scuffing^saatching over the useful life period and to eliminate whitening of the container surface over repeated caustic 
30 wash cydes. Alsa there may be applied commercially available preform thread finish crystaOizatfon technk^ues to 
irx^rease the nvxtulus of the finish as required to minimize damage to the critical top sealing radius 42 of the boMe as 
shewn in Figure 5. 

The preform may also be formed of a multilayer construction inducfing internal t>arrier layers so as to extend shelf 
IHa The application of such multilayer preforms may t>e utilized to reduce contaminant ak)sorption (if filled with non-food 

35 products) and subsequent product oontaminatfon after washing and refilling. 

Although an acceptable container was at hand, it was decided to expfore the effect of higher sMemall crystallinity 
levels. Bottles of the type descrit^ed abcve were produced under identfoal conditions except that the bfow moU temper- 
ature was inaeased to 1 TT'C (SSO'^F) and internal cooling was introduced into the bottle prior to removing the heat set 
bottle from ttie blow mold. Percent crystallinity was calculated via skiewall density measurements at 31 .5. 

40 The containers formed in accordance with the above were cyded through the caustfo wash/if>ressure pack test and 
60% of the samples failed by way of axial and radial sidewali cracks in less than twenty cydes. While physical meas- 
urements indicated excellent dimensional stability, it was oonduded that excessive skJewall crystallization beyond 30% 
raises the modulus of the biaxially oriented PET matrix to ttie point where repeated expansfon/dontractfon cyding 
causes a semi-rigid nmrphdogy to fail. 

45 Under the drcumstances. it is believed ttiat 24-30% crystallinity is an optimum level for a ref illable PET container 
which is preferably in the form of a bottle having an injection molded ttireaded neck finish. 

In order that the details of a bottle which may wittistand 20 cydes may be fully appredated by one skilled in the art. 
in Rgure 5 there has t>een applied to the bottle drawing the dimensions of the wall thickness of such bottle at various 
points in the bottle. When the bottle is required to wittistand a lesser number of cycles, for example on ttie order of 5 to 

so 1 0 cydes. ttie various wall ttiicknesses may be less. 

Claims 

1. A transparent stretch blow moulded polyester bottle having a relatively thin biaxially oriented sidewali and a rda- 
55 tively thKk less orientated champagne-type base, ttie base being continuously reinforced in thickness so ttiat ttie 
bottle has stress crack resistance whm subjected to twenty cydes of alternate pressurization at 4.05 x 10^ Nm'^ 
(4.0 atmospheres) and caustto washing at eO'C. and wherein the maximum volume deviation over ttie twenty 
cydes is ±1.5% 
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2. A bottle according to daim 1 wvherein the polyester is polyethylene terephthalafte having an intrinsic viscosity of from 
0.72 to 0.84. 

3. A bottle aoconfing to daim 1 or daim 2 wherein the b^ comprises a chime area and a central portion whi 
txjth thickened relative to the stdewall. 

4. A bottle according to any one of claims 1 to 3 wherein the champagne-type base has a peripheral contact radius 
and an unoriented recessed central portion. 

5. A bottle according to any foregoing daim wherein the sidewaU has a thickness around 7 to 9 times less than the 
thickness of a sidewall fbrrning portion of a preform from which the bottle has been blow nrKxiM 

6. A bottle aoooiding to any foregoing daim wherein the sidewall has a crystallisation of up to 30%. 

7. A bottle according to any foregoing daim further having an unoriented neck finish and a bianaOy oriented shoulder, 
the biaxial orientation in the shoulder extending to within aixnit 6.35 mm (0.250 inch) of the unoriented neckf inish. 

a A botHe according to any foregoing daim vvherein the base has a thickness of about 4.57 
sidewall has a thickness of about 0.635 mm (0.02 inch). 

9. Use. as a returnable refillabie container, of a transparent stretch bk)w mouMed polyester bottle having a relatively 
thin biaxially oriented sidewall and a relative thick less orientated champagne-type base, the base being continu- 
ously reinforced in thickness so that the bottle has stress crack resistance when sut)jected to twenty cydes of alter- 
nate pressurizatton at 4.05 x 10^ Nm'^ (4.0 atmospheres) and caustic washing at eo^'C. and wherein the maximum 
volume deviation over the twenty cydes is ±1 .5%. 

10. A transparent container for cartx>nated liquid comprising a btow moulded bottle of polyethylene terephthalate hav- 
ing a neck finish, a shoulder, an ek)ngated body having a biaxially oriented side wall and an integral base having a 
chime area and a central portion characterised in that for increasing the stress crack resistance of the bottle 
wheretv the bottle is returnable and refiDaUe, the base is continuously reinforced by thickening the chime area and 
tfie centTEd portion. 

11 . A returnable refBlable polyester biaxially oriented transparent container for cartx>nated liquid which has been blow 
moulded from a preform, the container comprising a neck finish, a shoulder, a body portion and a champagne-type 
base induding a peripheral contact racfius and an unoriented recessed central portion, the champagna-type base 
being thicker than a skiewall in the body portton and having low orientatkKi. 

12. A returnable refillabie transparent container fa carbonated liquid which has been bk>w moulded from a polyethyl- 
ene terephthalate prelbmi, the container having a neck finish, a shoukier. a biaxially oriented sidewall and a rigid 
kyw orientation champagne type base whkii is of increased thickness relative to the skJewall, the sklewall having a 
thickness of around 7 to 9 times less than the thickness of a sidewall-fbrming portion of the preform, a crystallisa- 
tion of up to 30% and the polyethylene terephthalate having an intrinste viscosity of from 0.72 to 0.84. 

13. A returnable reffllable transparent biaxially oriented container for cart)onated liquid which has been blow moulded 
from a preform of pdyethylene terephthalate having an intrinsic viscosity of from 0.72 to 0.84. the container having 
an unoriented neck f insh. a biaxially oriented shodder, the biaxial orientation in the shoulder extending to within 
about 6.35 mm (0.250 inch) of the unoriented neck finish, a biaxially oriented sklewall having a thickness around 7 
to 9 times less than the prefonm body wall thickness and a crystallisation of up to 30%. and a continuously rein- 
forced low (Mentation bottom wall having a greater thickness than the sclewall, the container having a maximum 
volume deviation of ± 1 .5% when sut)jected to twenty cydes of alternate pressurisatk>n at 4.05 x 1 0^ ± 0.203 x 1 0^ 
Nm'^ (4.0 ± 0.2 atmospheres) and caustic washing at eo^'C. 

14. Use. as a retumable refillabie container, of a transparent container for carbonated liquid comprising a bbw moulded 
bottle of polyethylene terephthalate having a neck finish, a shoukJer. an elongated body having a biaxially oriented 
side wail and an integral base having a chime area and a central portion wherein fbr inaeasing the stress crack 
resistance of the bottle, the base is continuously reinforced by thkikening the chime area and the central portion. 

15. Use. as a retumable refillabie container, of a polyester tnaxidlly oriented transparent container for cartxKiated liquid 
which has been blow moulded from a preform, the container comprising a neck finish, a shoukier, a body portion 
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and a champagn&'type base including a peripheral contact radius and an unoriented recessed central portioa the 
champagne-type base being thicker than a sidevwaO in the body portion and having tew orientation. 

16. Use, as a returnable refOlatsle container, of a transparent container for caitx}nated liquid which has been blew 
moulded from a polyethylene terephthalate preform, the container having a neck finish, a shoulder, a biaxially ori- 
ented sidewal) and a rigid low orientation champagne-type base which is of inaeased thickness restive to the skie- 
wall, the sidewall having a thtekness of around 7 to 9 times less than the thk^kness of a sidewaD^orming portion of 
the preform, a crystallisation of up to 30% and the polyethylene terephthalate having an intrinsic viscosity of from 
0.72 to 0.84. 

17. Use. as a returnable ratable container in a carbonated liquid relSI loop including alternate pressurisation at 4.05 
X 10^ ± 0.203 X 10^ Nm~^ (4.0 ± 0.2 atmospheres) and caustic washing at 60^0, of a transparent biaxially oriented 
container which has been bksw nxHiMed from a preform of polyethylene terephthalate having an intrinsk; viscosity 
of from 0.72 to 0.84, the container having an unoriented neck finish, a biaxially oriented shouMer. the biaxial orien- 
tatfon in the shoukJer extending to within about 6.35 mm (0.250 inch) of the unoriented neck finish, a biaxially ori- 
ented sidewall having a thickness around 7 to 9 times less than the preform body wall thickness and a 
crystallisation of up to 30%. and a continuously reinforced fow orientation bottom wall having a greater thickness 
than the skJewall, the container having a maximum volume demtton of ± 1 .5% when subjected to twenty cycles of 
sakJ altemate pressurisatfon and caustic washing. 
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